Abstract. Controlled natural languages have been used to enable the direct translation from natural language specications into a formal description. In this abstract we make a case for such an approach to write contracts, and translating into a temporal deontic logic. Combining both temporal behaviour and deontic behaviour is challenging both from a natural language and a formal logic perspective. We present both a logic and a controlled natural language and outline how the two can be linked.
-Only the owner of a job has permission to cancel the job. -The system is forbidden from producing a result if it has been cancelled by the owner.
Underlying Logic Representation Language
The challenge to formalise deontic logic, to reason about normative concepts such as obligations and permissions, has been the hot topic of research for various decades. The main challenge is that it is very easy to describe paradoxical situations using deontic concepts [2] . Introducing the concept of time, introduces more paradoxes [3] . Various axiomatizations have been proposed, as an attempt to deal with the paradoxes, however, one of the more effective approaches has been that of restricting the syntax [4] . Since our aim is to reason about contracts derived from natural language texts, and which could thus include paradoxes or contradictions, we opt for a more general logic, which could then be restricted, syntactically or semantically, to weed out potential problems. Contracts are sometimes seen as properties which should be satised by a system. This view however, does not enable (i) reasoning about the contract eg 'What are the currently undischarged obligations in the contract?'; or (ii) reasoning about exceptional cases in a contract eg 'Whenever clause (a) is violated, the user is prohibited from obtaining the service'. The introduction of explicit prohibition, obligation and permission clauses into a contract is thus essential to enable reasoning about it. Furthermore, such clauses have to be associated to a particular agent participating in the contract.
The deontic logic includes obligation, permission and prohibition (O(α : e), P (α : e) and F (α : e)), non-deterministic choice (+), conjunction (&), conditional (c 1 α c 2 ), generalised sequential composition (c 2 c c 1 , which starts with c, and then follows it up with c 1 or c 2 depending on whether it was satised or violated) and timing information (c [b,e] ):
Using these operators and x-point denitions, other operators can be dened: (i) one branch conditional: e → c ≡ c e 0 ; (ii) sequential composition: c 1 ; c 2 ≡ c 2 c 1 ⊥ 0 ; (iii) the always operator: (c) ≡ c & 1 ; (c); and (iv) the sometimes operator: ♦(c) ≡ c + 1 ; ♦(c). Furthermore, the complement of an action or an agent can be expressed in the logic using a bar over the object. The examples given earlier can be written in the following manner:
-Upon accepting a job, the system guarantees that the results will be available within an hour unless cancelled in the meantime:
Only the owner of a job has permission to cancel the job:
(P (owner j : cancel j ) & F (owner j : cancel j )) -The system is forbidden from producing a result if it has been cancelled by the owner: (cancel j → F (system : (♦(result j ))))
The logic proposed shares much in avour with CL [4] and other action-based deontic logics. One can construct observer formulae (one for each actor), using which one can model-check contracts [5] , and perform contract analysis. The temporal side of the logic is based on timed regular expressions [6] . Although, as in timed regular expression, a continuous time domain may be used, at the moment we restrict the time to a discrete domain for analysis techniques. Through the use of a trace semantics of the logic, standard model checking techniques can be used to check for validity.
Remarks on a Possible Controlled Language
In this section we take the numbered examples of section 1 and propose some simplications which reduce both syntactic complexity and, more importantly, the potential for ambiguity.
original:
Upon accepting a job, the system guarantees that the results will be available within an hour unless cancelled in the meantime. controlled if SYSTEM accepts Job, then during one hour it is obligatory that SYSTEM make available results of Job unless SOMEONE cancels Job.
comment: There are three events: accepting a job, results being available, and a cancellation. There is also a contractual obligation concerning the second event, but this is discharged if the cancellation takes place. This sentence displays the classical problem of attachment ambiguity. There is also a problem of ellipsis. The main problems are (a) the attachment of the time adverbial within an hour and (b) the object of the the cancellation. Regarding the attachment, the adverbial could attach to either the availability of the results, or to the obligation concerning the availability of results (cf. within an hour I promise to go vs. I promise to go within an hour). Regarding the object of the cancellation, this could be the job or the results. We should note that in section 2, both these ambiguities have been resolved: attachment is to the obligation has been favoured, whilst the object of the results is assumed to be the results. Several problems can be solved by allowing proper names into the language. Predened ones, like SYSTEM, are notated using all capital letters, whilst arbitrary ones, like Job, are used to enforce coreference, have an initial capital letter. A second major change is a rationalised event syntax based on a simple agent-action-object format. The easy cases are underlined above. The complex case revolves around is obliged, which can usefully be treated as an event (strictly it is a state) whose object is itself an event. We have carefully controlled the syntax and placement of the time adverbials, and, last but not least, the position of unless is immediately after the statement of the obligation. 2. original: Only the owner of a job has permission to cancel the job.
controlled: it is permitted that only owner of Job cancels Job. comment: The syntax is basically uncontroversial but there is an issue about the anaphoric status of denite noun phrases. Although it would be possible, following Fuchs-et-al. [7] , to deal with this using DRT ((cf. Kamp and Reyle [8] ),
